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cu.2012.Abstract Accurate, sensitive and precise methods have been developed for determination of aspi-
rin, caffeine, and paracetamol, in their ternary mixture with minimum sample pretreatment and
without previous separation.
Method (A) is a spectrophotometric one that depends on determination of aspirin and paracet-
amol using the successive derivative of the ratio spectra and measuring the amplitudes at 241.2 and
228.2 nm, respectively. Caffeine is indirectly determined using a calculated equation by measuring
the amplitude of the third derivative spectra at 285.6 at which there is no interference from para-
cetamol and interference from aspirin was removed by subtraction as aspirin was selectively deter-
mined at 241.2 nm, where CAF showed no absorbance.
Method (B) depends on quantitative TLC-Densitometric separation of the ternary mixture using
silica gel 60 F254 plates and scanning at 230 nm using chloroform:methanol:acetic acid:ammonia
solution (95:5:0.5:0.2, by volume) as a developing system.
The proposed methods have been validated as per ICH guidelines and USP requirements. More-
over the developed methods have been applied for determination of the above mentioned drugs in0 01117236884; fax: +20 082
o.com (N.S. Abdelwahab).
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Figure 1 Chemical structure of ASP
100 N.W. Ali et al.different pharmaceutical formulations where no interference from the excipients has been detected.
Statistical comparison of the results obtained from the suggested methods with those of the
reported HPLC method showed no signiﬁcant difference. The developed methods can be considered
sensitive, accurate, and cost-effective methods.
ª 2012 Faculty of Pharmacy, Cairo University. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Chemically, aspirin (ASP) is designated as benzoic acid, 2-
(acetyloxy)-salicylic acid acetate,1 Fig. 1a. It is a non-steroidal
anti-inﬂammatory drug (NSAID) having anti-pyretic and
analgesic properties and acting as inhibitor of cyclo-oxygenase
enzyme leading to inhibition of the biosynthesis of thrombox-
anes and prostaglandins from arachidonic acid, also, it inhibits
platelet aggregation.1 Caffeine (CAF) is chemically described
as, 1,3,7-trimethylxanthine,1 Fig. 1b, that inhibits phosphodies-
terase enzyme leading to central nervous system stimulation.1
Paracetamol (PAR) is designated as N-(4-hydroxyphenyle)
acetamide,1 Fig. 1c. It has anti-pyretic and analgesic properties.
Its analgesic property is due to increasing the threshold of pain in
the thalamus, while its anti-pyretic property may be due to inhi-
bition of synthesis of hypothalamic prostaglandins.1
The literature survey reveals several analytical methods for
determination of each of the three components either alone or
in combination with other drugs. On the other hand, few meth-
ods were found in the literature for determination of the
studied ternary mixture including chromatographic methods2,3
and chemometric methods.4,5
The proposed successive ratio-derivative spectra spectro-
photometric method has the advantages over the reported
chemometric method of being simpler and no need forO
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(a), CAF (b), and PAR (c).sophisticated instruments and it provides reproducible results.
While the proposed TLC-Densitometric method has the advan-
tages over the reported HPLC method of being time and
cost-effective, applicable in the laboratories lacking of HPLC
facilities, less sample preparation and lower noise to signal ratio.
The proposed successive ratio-derivative spectra method
solved the problem of multi-component spectrophotometric
analysis which is simultaneous quantiﬁcation of two or more
drugs in a mixture; without need for preliminary separation.6
While, the TLC-Densitometric method provides the high sen-
sitivity for such determinations.
The present work aims to develop simple, sensitive, selec-
tive, costless, and precise methods for quantitative determina-
tion of a ternary mixture of ASP, CAF, and PAR in ordinary
laboratories in pure form and in pharmaceutical formulations
without preliminary separation.
2. Experimental
2.1. Instruments
1. A double beam UV–visible spectrophotometer (Shima-
dzu, Japan) model UV-1601 PC with quartz cell of
1 cm path length, connected to IBM compatible com-
puter. The software used was UVPC personal spectros-
copy software v. 3.7. The spectral bandwidth was 2 nm
and wavelength-scanning speed 2800 nm min1.
2. TLC plates (20 · 10 cm) coated with silica gel 60 F254
(Merck KGaA, Darmstadt, Germany) with 200 lm
thickness.
3. A sample applicator for TLC linomat V with 100 lL syr-
inge (Camag, Muttenz, Switzerland).
4. UV lamp with short wavelength 254 nm (VL-6.LC,
Marne la Vallee, Cedex 1, France).
5. TLC scanner 3 densitometer (Camag, Muttenz, Switzer-
land) controlled by win CATS software (V 3.15, Camag).
 The following parameters were adjusted during TLC
scanning:
– Mode absorbance.
– Source of radiation: deuterium lamp.
– Slit dimension: 6 · 0.45 mm.
– Scanning speed: 20 mm s1
2.2. Materials
ASP, CAF, and PAR were kindly supplied by Novartis Phar-
ma Co., Egypt, their purity was found to be 99.83 ± 0.871,
99.21 ± 0.739, and 100.73 ± 0.492, respectively according to
the manufacturer’s certiﬁcate.
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Aspicure-combi tablets (Batch No. 012) manufactured by
Alkan Pharma S.A.E., 6th of October City, Egypt.
Excedrin tablets (Batch No. 112) manufactured by Smith
Kline Beecham Egypt LLC. For Novartis Pharma, Egypt,
Under license from Novartis Consumer Health, Switzerland.
Markadel tablets (Batch No. 90204) manufactured by
Delta Pharma, 10th of Ramadan City, A.R.E.
All are labeled to contain 250, 65, and 250 mg of ASP,
CAF, and PAR, respectively.
2.4. Chemicals and reagents
All chemicals and solvents used throughout this work were of
analytical grade and were used without further puriﬁcation.
Chloroform, glacial acetic acid, and 33% ammonia solution
(El-Nasr Pharmaceutical Chemicals Co., Abu-Zabaal, Cairo,
Egypt), methanol of HPLC grade (CHROMOSOLV, Sig-
ma–Aldrich Chemie GmbH, Germany).
2.5. Solutions
2.5.1. Stock standard solutions of ASP, CAF, and PAR
Were separately prepared in methanol in the concentration of
1 mg mL1.
2.5.2. Working standard solutions of ASP, CAF, and PAR
Were prepared inmethanol in the concentration of 0.1 mg mL1
by suitable dilution of their respective stock standard
solutions.
2.5.3. Laboratory prepared mixtures
Mixtures containing a ratio of 3.85:1:3.85, dosage forms ratio,
and other ratios, 1:1:1, 2:1:1, 1:2:1, 1:1:2, 1:2:2, 2:1:2, and
2:2:1, of ASP, CAF, and PAR, respectively were prepared in
methanol using their respective working standard solutions
(0.1 mg mL1).
2.5.4. Solutions of pharmaceutical formulations
The contents of 10 tablets each of the previously mentioned
pharmaceutical formulations were powdered and mixed well.
An accurately weighed portion of the powdered tablets
equivalent to 100, 26, and 100 mg of ASP, CAF, and PAR,
respectively was transferred into 250 mL-beaker; 75 mL meth-
anol was added and sonicated for 15 min, ﬁltered into 100-mL
volumetric ﬂask, and then completed to the mark with metha-
nol. The prepared solutions were diluted to obtain working
solutions containing 100, 26, and 100 lg mL1 of ASP,
CAF, and PAR, respectively using methanol as a solvent.
3. Procedures
3.1. Successive ratio-derivative spectra method
3.1.1. Spectral characteristics
Into three separate 10-mL volumetric ﬂasks, three aliquots con-
taining 10 lg of ASP, CAF, and PAR were accurately trans-
ferred from their respective working solutions (0.1 mg mL1);
the volume was then completed to the mark with methanol.
Zero order absorption spectrum of each 10 lg mL1 ﬂaskwas then recorded over the wavelength range of 200–400 nm
using methanol as a blank.
3.1.2. Construction of calibration curve
A calibration graph for ASP was obtained by recording and
storing the spectra of different concentrations in the range of
(5–30 lg mL1) of standard solutions of ASP using the spec-
trum of a standard solution of a concentration of 11 lg mL
1 of CAF as ﬁrst divisor, Eq. (1), and using the vector of
(d/d) (a PAR/a CAF) corresponding to the derivative of the
ratio of the standard spectra each of 11 lg mL1 concentra-
tions of PAR and CAF as second divisor.
B ¼ Am=a CAF
¼ ½a ASP  C ASP=a CAFþ C CAFþ ½a PAR
 C PAR=a CAF ð1Þ
where Am is the vector of the absorbance of the mixture of the
three components, a ASP, a CAF, and a PAR are the absorp-
tivity vectors of ASP, CAF, and PAR and C ASP, CCAF, and
C PAR are the concentrations of ASP, CAF, and PAR,
respectively.
Then the ﬁrst derivative of these vectors with respect to
wavelength is obtained, with Dk= 4, according to Eq. (2).
dB=dk ¼ d=dk½ða ASP  C ASPÞ=a CAF
þ d=dk½ða PAR  C PARÞ=a CAF ð2Þ
After that, residual vectors are divided by (d/d) (a PAR/a
CAF) as second divisor according to Eq. (3).
D ¼ dB=dk½ðd=dkÞða PAR=a CAFÞ
¼ ðd=dkÞ½ða ASP  C ASPÞ=a CAF=½ðd=dkÞ
 ða PAR=aCAFÞ þ C PAR ð3Þ
If the ﬁrst derivative of Eq. (3) is taken, with Dk= 4 and
since the derivative of a constant (C PAR) is zero, Eq. (4)
would be obtained:
dD=dk ¼ d=dk½ðd=dkÞða ASP  =C ASP=a CAFÞ=ðd=dkÞ
 ða PAR=a CAFÞ ð4Þ
The minimum wavelength at 241.2 nm of the ﬁrst derivative of
later vector with respect to wavelength is used for the construc-
tion of calibration graph for ASP.
A calibration graph for PAR could be similarly constructed
as described for ASP considering the spectrum of a concentra-
tion of 10 lg mL1 of ASP as ﬁrst divisor and the vector of the
derivative of the ratio spectra of 10 lg mL1of each ASP and
CAF as second divisor with Dk= 8 and smoothing with
Dk= 4. A calibration curve could be constructed by plotting
dD/dk at 228.2 nm using PAR concentrations in the range of
(5–21 lg mL1) against concentration of PAR in the standard
solutions of PAR or in the standard ternary mixtures.
Caffeine determination was tried using successive ratio-
derivative spectra method but no selective wavelength could
be detected for such determination. So, CAF was determined
indirectly using a mathematical equation. Two calibration
curves were constructed relating the peak amplitude of the
third derivative of ASP and CAF at 285.6 nm in the concentra-
tion ranges of 5–30 and 3–16 lg mL1, respectively where
PAR shows no interference. ASP absorbance could be sub-
tracted using the previously constructed calibration curve of
102 N.W. Ali et al.ASP at 241.2 nm then; the corresponding regression equations
were computed.
3.1.3. Application to laboratory prepared mixtures
The laboratory prepared mixtures in Section 2.5.3 were
scanned over the wavelength range of 200–400 nm. The proce-
dure under linearity was followed and the concentrations of
ASP, CAF, and PAR were calculated from the previously cal-
culated regression equations.
3.1.4. Application to pharmaceutical formulations
Appropriate concentrations were prepared from the prepared
working solutions in Section 2.5.4 and scanned in the wave-
length range of 200–400 nm. Following the same above men-
tioned procedures under linearity, the concentrations of ASP,
CAF, and PAR in different pharmaceutical formulations were
calculated from the previously calculated regression equations.
3.2. TLC-Densitometric method
3.2.1. Chromatographic condition
TLC-Densitometric method was performed using pre-coated
silica TLC aluminum plates (20 · 10 cm). The plates were
pre-washed with methanol and activated at 100 C for
15 min prior to sample application. Samples were applied in
the form of bands (6 mm length, 8.9 mm spacing, and 15 mm
from the bottom edge of the plate). Linear ascending develop-
ment was performed in a chromatographic tank previously sat-
urated with methanol:chloroform:ammonia solution:glacial
acetic acid (95:5:0.2:0.5, by volume) for one hour at room tem-
perature to a distance of about 80 mm. The developed plates
were air dried and then scanned at 230 nm.
3.2.2. Linearity and construction of calibration curve
Accurate volumes (1–10 lL), (0.5–7 lL), and (1–10 lL) of
ASP, CAF, and PAR, respectively were accurately transferredFigure 2 Zero order spectra of ASP (–), CAFfrom their standard stock solutions (1 mg mL1 in methanol),
applied in triplicates on the pre-washed TLC plates in the form
of bands and the procedure under the chromatographic condi-
tion was followed. The peak area was then recorded and a
calibration curve of each drug was constructed by plotting
the mean integrated peak area versus the corresponding con-
centration and the regression equations were then computed.
3.2.3. Application to pharmaceutical formulations
The procedure under linearity was followed with the same con-
ditions mentioned under chromatographic conditions.4. Results and discussion
The main task of this work was to develop sensitive, economic
and accurate analytical methods for the determination of ASP,
CAF, and PAR in their ternary mixture and pharmaceutical
formulations with satisfactory precision for good analytical
practice (GAP).
4.1. Successive ratio-derivative spectra method
The main problem of multi-component spectrophotometric
analysis is the simultaneous quantiﬁcation of two or more
chemicals in the same mixture without need for preliminary
separation.6 Several spectrophotometric determination meth-
ods have been used for resolving mixtures of compounds with
severe spectral overlap.7–12
Salinas et al.13 proposed a spectrophotometric method,
ratio derivative spectrophotometry, for the simultaneous
determination of two compounds in binary mixtures.
While, Berzas Nevado et al.14 developed a method for the
analysis of ternary mixtures by derivative ratio spectra zero-
crossing method. These two methods were further studied
and applied for simultaneous determination of binary or ter-
nary mixtures.15–19(. . .), and PAR (——) each of 10 lg mL1.
Figure 3c Second ratio spectra obtained by dividing the ﬁrst
derivative spectra of the ﬁrst ratio spectra of ASP by the spectrum
of (d/dk) (a PAR/a CAF).
Validated spectrophotometric and spectrodensitometric methods 103On the other hand, Dinc et al.7,20,21 proposed ‘‘the double
divisor-ratio spectra derivative method’’ for determination of
ternary mixtures.
In this work, the so-called ‘‘Successive ratio-derivative spec-
tra method’’, developed by Abbas Afkhami and Morteza Bah-
ram,6 is applied for simultaneous determination of ASP, CAF,
and PAR in their ternary mixtures which depends on succes-
sive derivative of the ratio spectra in two successive steps.
The proposed method is simpler and provides reproducible
results over the reported chemometric method.
Zero order absorption spectra of ASP, CAF, and PAR
showed sever spectral overlap which hindered their direct
determination in their ternary mixtures, Fig. 2. Also, using
derivative spectrophotometric methods, (D1, D2, D3, and
D4), and derivative ratio spectrophotometric methods, (1DD
and 2DD), did not solve this spectral overlap. Applying the
developed successive ratio-derivative spectra method, ASP
and PAR could be selectively determined while, CAF could
not be determined by this method, and so, it was determined
indirectly.
Different factors affecting the determinations including
divisor concentrations, Dk, smoothing factors, and type ofFigure 3a The ratio spectra obtained by dividing the spectra of
different ASP concentrations by a spectrum of CAF of
11 lg mL1 (ﬁrst divisor).
Figure 3b First derivative of the ratio spectra obtained for ASP
concentrations with Dk= 4 nm.
Figure 3d The ﬁnal spectrum showing ASP determination at
peak minimum at 241.2 nm after successive-ratio derivative
method with Dk= 4 nm.solvent used were studied and optimized to provide accurate,
precise, and reproducible results.
The spectra of different standard solutions of different con-
centrations in the calibration range of ASP, CAF, and PAR
were tried as divisors; the best concentrations were 11 lg mL
1 of CAF as ﬁrst divisor and 11 lg mL1each of CAF and
PAR as second divisors for ASP determination and
10 lg mL1 of ASP as ﬁrst and 10 lg mL1each of ASP and
CAF as second divisors for PAR determination.
Different Dk, smoothing factors were tried and the best re-
sults were obtained upon using Dk= 4, 2, and 8 for ASP,
CAF, and PAR, respectively. Smoothing factors were required
only for PAR determination with Dk= 4.
Different solvents were tried including acetonitrile, metha-
nol, 0.1 N NaOH, and 0.1 N HCl. The best solvent that
showed good sensitivity was methanol.
For ASP determination, the absorption spectra of different
concentrations of pure ASP in the range of 5–30 lg mL1 were
recorded and divided by the spectrum of 11 lg mL1 of CAF
(ﬁrst divisor) and the ﬁrst ratio spectra were obtained; Fig. 3a.
Figure 4c Second ratio spectra obtained by dividing the ﬁrst
derivative spectra of the ﬁrst ratio spectra of PAR by the spectrum
of (d/dk) (a CAF/a ASP).
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Dk= 4 nm, Fig. 3b.
After that, these vectors (ﬁrst derivative of the ratio spectra)
were divided by (d/dy) (a PAR/a CAF) corresponding to the
ﬁrst derivative of the ratio spectra of PAR and CAF (2nd
divisor) and the second ratio spectra were obtained, Fig. 3c.
First derivatives of these ratio spectra were obtained using
Dk= 4 nm, Fig. 3d.
A calibration curve could be constructed by plotting the
amplitude at 241.2 nm against concentration of ASP in the
standard solutions of ASP or in the standard ternary mixtures.
Linear correlation was obtained between the amplitude val-
ues at 241.2 nm and the corresponding ASP concentrations
from which the regression equation was calculated and found
to be:
A1 ¼ 0:0593C1  0:0185
r1 ¼ 0:9999 ASP at 241:2 nm ð5Þ
where, A1 is the amplitudes at 241.2 nm, C1 is ASP concentra-
tion in lg mL1, r1 is the correlation coefﬁcient.
Calibration graphs for PAR could be also constructed as
described for ASP considering standard solutions of ASP ofFigure 4b First derivative of the ratio spectra obtained for PAR
concentrations with Dk= 8 nm.
Figure 4d A spectrum showing PAR determination at peak
maximum at 228.2 nm after successive- ratio derivative method
with Dk= 8 and smoothing with Dk= 4.
Figure 4a The ratio spectra obtained by dividing the spectra of
different PAR concentrations by a spectrum of ASP of
10 lg mL1 (ﬁrst divisor). a concentration of 10 lg mL1 as ﬁrst divisor, Fig. 4a and b
and using the vector of (d/d) (a CAF/a ASP) corresponding
to the derivative of the ratio of the standard spectra each of
10 lg mL1 concentrations of CAF and ASP as second divi-
sor, Fig. 4c and d. A calibration curve could be constructed
by plotting dD/d against concentration of PAR in the standard
solutions of PAR or in the standard ternary mixtures. Linear
correlation was obtained between amplitude values at
228.2 nm and concentrations from which the regression
equation was calculated and found to be:
A2 ¼ 0:2384C2 þ 0:0365
r2 ¼ 0:9999 PAR at 228:2 nm ð6Þ
where, A2 is the amplitudes at 228.2 nm, C2 is PAR concentra-
tion in lg mL1, r2 is the correlation coefﬁcient.
For CAF determination indirectly, Fig. 5 two calibration
curves were constructed relating the peak amplitude of the
third derivative of ASP and CAF at 285.6 nm where PAR
shows no interference then, the corresponding regression equa-
tions were computed.
Figure 5 A spectrum showing CAF (. . .) determination at 285.6 nm after third derivatization followed by subtraction of ASP (–) where
PAR (—) showed no absorbance.
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r3 ¼ 0:9998 ASP at 285:6 nm ð7Þ
A4 ¼ 0:3647C4 þ 0:0423
r4 ¼ 0:9998 CAF at 285:6nm ð8Þ
where, A3 and A4 are the amplitude values of ASP and CAF,
respectively. C3 and C4 are the concentrations of ASP and
CAF in lg mL1, respectively, and r3 and r4 are the correlation
coefﬁcients of ASP and CAF, respectively.Figure 6 Three dimensional thin layer chromatogram of separated
methanol–acetic acid–ammonia (9.5:0.5:0.05:0.02, by volume) as a moTo obtain a relation between the amplitude of ASP at the
two wavelengths, Eqs. (5) and (7) were equated and rearranged
to Eq. (9).
A285:6 ðcalculatedÞ ¼ ð0:0608 A241:2 þ 0:0028948Þ=0:059 ð9Þ
where, A241.2 is the recorded peak amplitude corresponding to
ASP. While, A285.6 (calculated) is the postulated values of the
peak amplitudes corresponding to the same concentrations
of ASP in its binary mixture with CAF.
Using Eq. (9), the postulated values of peak amplitudes cor-
responding to ASP at 285.6 nm (A285.6 (calculated)) were found.
Subtraction of these values from the recorded peak amplitudespeaks of PAR (a), ASP (b), and CAF (c) using chloroform–
bile phase.
Table 2 System suitability testing parameters of TLC-Densi-
tometric method.
Parameters Obtained value
PAR ASP CAF
Symmetry factor 1 1.12 1.16
Resolution (Rs) 9.33 4.86
Capacity factor (K0) 2.2 5 6.7
Selectivity factor (a) 1.88 1.28
106 N.W. Ali et al.of the mixture at 285.6 nm yields the peak amplitudes corre-
sponding to CAF whose total concentrations can be calculated
using regression Eq. (8).
4.2. TLC-Densitometric method
Planar instrumental chromatography with precise sample
application and computer controlled quantiﬁcation and evalu-
ation of the chromatograms developed has been considered as
a reliable technique for testing drug quantitatively and purity
control.22 Such planar chromatography provides an alterna-
tive tool for analysis to laboratories with no HPLC facilities
allowing simpler, time saving, cost-effective analysis with no
need for sample pretreatment.
Experimental conditions such as developing system compo-
sition, band dimensions, scanning wavelength and slit dimen-
sions were optimized to provide accurate, precise, and
reproducible results.
4.2.1. Mobile phase
Different developing systems of different compositions and ra-
tios were tried. Firstly, (chloroform:methanol) were tried with
different ratios (5:5), (7:3), (9:1), and (9.5:0.5) all showed good
resolution of ASP but, bad resolution of CAF and PAR.
Ammonia solution was added in several amounts then glacial
acetic acid also was tried but all gave bad resolution. When
ammonia solution and glacial acetic acid were added together
to the above mentioned systems moderate resolution was ob-
tained with more compacted bands. The best chromatographic
system was chloroform:methanol:glacial acetic acid:ammonia
solution (9.5:0.5:0.05:0.02, by volume) which showed good res-
olution with good Rf values (0.32, 0.6, 0.77, for PAR, ASP,
and CAF, respectively). (see Fig. 6).
4.2.2. Band dimensions
Different band dimensions were tested to obtain sharp and
symmetrical separated peaks. The optimum band width chosen
was 6 mm with 8.9 mm inter-space between bands.
4.2.3. Scanning wavelength
Different scanning wavelengths were tried such as 210, 225,
250, 275, and 300 nm; the best scanning wavelength was
230 nm which showed good sensitivity for the ternary mixture.Table 1 Regression parameters of the proposed successive-ratio d
aspirin (ASP), caffeine (CAF), and paracetamol (PAR).
Parameters ASP CA
Method Successive
ﬁrst derivative
TLC-Densitometry Suc
ﬁrs
Linearity range slope
intercept R
5–30 lg mL1 1–10 lg band1 3–1
0.0593 1036.11 0.3
0.0264 1087.73 0.0
0.9999 0.9999 0.9
Accuracy (mean ± std. div.) 100.13 ± 0.821 99.91 ± 0.602 99.
Precision (RSD%) repeatability
intermediate precision
1.549 1.629 1.2
1.831 1.921 1.2
LOD 1.4 lg mL1 0.34 lg band1 0.9
LOQ 4.83 lg mL1 0.98 lg band1 2.94.2.4. Slit dimensions of scanning light beam
The slit dimensions of scanning light beam should ensure com-
plete coverage of band dimensions on the scanned track with-
out interference of adjacent bands. Different slit dimensions
were tried, where 6 · 0.45 mm proved to be the slit dimensions
of choice which provides high sensitivity.
Calibration curves were constructed by plotting the
integrated peak area versus the concentration in the range of
1–10 lg band1 for ASP, 0.5–7 lg band1 for CAF, and
1–10 lg band1 for PAR. The concentrations of ASP, CAF,
and PAR were calculated from the following equations:
For ASP; Y1 ¼ 1036:11C1 þ 1087:73
r1 ¼ 0:9999 ð10Þ
For CAF; Y2 ¼ 3387:28C2 þ 6769:22
r2 ¼ 0:9998 ð11Þ
For PAR; Y3 ¼ 1319:89C3 þ 2028:78
r3 ¼ 0:9998 ð12Þ
where Y1, Y2, and Y3 are the integrated peak area of ASP,
CAF, and PAR, respectively, C1, C2, and C3 are the concentra-
tion of ASP, CAF, and PAR, in lg band1, respectively and r1,
r2, and r3 are the correlation coefﬁcient of ASP, CAF, and
PAR, respectively.
5. Method validation
Method validation was performed according to USP23 guide-
lines for the proposed methods. Table 1 shows good linearerivative and TLC-Densitometric methods for determination of
F PAR
cessive
t derivative
TLC-Densitometry Successive
ﬁrst derivative
TLC-Densitometry
6 lg mL1 0.5–7 lg band1 5–21 lg mL1 1–10 lg band1
647 3387.28 0.2384 1319.89
423 6769.22 0.0365 2028.78
999 0.9998 0.9999 0.9998
81 ± 1.125 100.44 ± 1.572 100.17 ± 0.696 100.55 ± 1.125
39 1.429 1.525 1.945
19 1.529 1.421 1.551
8 lg mL1 0.22 lg band1 1.43 lg mL1 0.35 lg band1
8 lg mL1 0.49 lg band1 4.85 lg mL1 0.97 lg band1
Table 3 Determination of aspirin (ASP), caffeine (CAF), and paracetamol (PAR) in laboratory prepared mixtures by the proposed
successive-ratio derivative method.
ASP:CAF:PAR ratio Mix. no. ASP at 241.2 nm CAF at 285.6 PAR at 228.2
Taken (lg ml1) Recovery %a Taken (lg ml1) Recovery %a Taken (lg ml1) Recovery %a
3.85:1:3.85b Mix. 1 7.7 100.67 2 100.55 7.7 102.12
Mix. 2 11.54 98.15 3 98.47 11.54 101.73
Mix. 3 9.6 100.42 2.5 103 9.6 101.72
Mix. 4 8.65 101 2.25 97.69 8.65 101.31
Mix. 5 10.57 99.22 2.75 98.68 10.57 102.31
Mix. 6 12.5 99.13 3.25 98.79 12.5 102.91
1:1:1 Mix. 7 5 100.24 5 101.32 5 98.25
2:1:1 Mix. 8 10 100.88 5 102.03 5 97.94
1:2:1 Mix. 9 5 100.17 10 100.27 5 100.33
1:1:2 Mix.10 5 98.89 5 101.29 10 102.12
1:2:2 Mix.11 5 102.7 10 99.48 10 101.98
2:1:2 Mix.12 10 99.53 5 98.44 10 100.46
2:2:1 Mix.13 10 98.46 10 99.11 5 100.67
Mean ± RSD% 100.17 ± 1.235 99.48 ± 1.621 101.72 ± 1.494
a Average of three determinations.
b The ratio of the pharmaceutical formulations.
Table 4 Determination of aspirin (ASP), caffeine (CAF), and paracetamol (PAR) in pharmaceutical formulations by the proposed
successive-ratio derivative method and application of standard addition technique.
Pharmaceutical formulations % Recovery ± RSD Standard addition
technique Mean ± RSD
Aspicure compui tablets. B.N.012
claimed to contain: 250 mg ASP,
65 mg CAF, 250 mg PAR/tablet
ASP 93.99 ± 0.19 99.89 ± 1.181
CAF 95.03 ± 0.56 99.89 ± 1.65
PAR 103.49 ± 0.64 99.92 ± 1.258
Excedrine tablets. B.N.112 claimed
to contain: 250 mg ASP, 65 mg CAF,
250 mg PAR/tablet
ASP 105.32 ± 1.3 99.94 ± 1.398
CAF 103.95 ± 1.21 100.64 ± 1.169
PAR 104.17 ± 0.82 100.04 ± 1.396
Markadel tablets. B.N.90204
claimed to contain: 250 mg ASP,
65 mg CAF, 250 mg PAR/tablet
ASP 94.44 ± 1.34 100.49 ± 1.116
CAF 93.76 ± 2.13 100.55 ± 1.015
PAR 95.2 ± 1.37 101.39 ± 1.072
Table 5 Determination of aspirin (ASP), caffeine (CAF), and paracetamol (PAR) in pharmaceutical formulations by the proposed
TLC-Densitometric method and application of standard addition technique.
Pharmaceutical formulations % Recovery ± RSD Standard addition technique
Mean ± RSD
Aspicure compui tablets. B.N.012
claimed to contain: 250 mg ASP,
65 mg CAF, 250 mg PAR/tablet
ASP 93.94 ± 0.231 100.84 ± 1.261
CAF 94.87 ± 0.6 100.94 ± 1.36
PAR 104.13 ± 0.427 101.18 ± 1.323
Excedrine tablets. B.N.112 claimed
to contain: 250 mg ASP, 65 mg CAF,
250 mg PAR/tablet
ASP 104.75 ± 1.1 100.23 ± 1.242
CAF 103.78 ± 1.45 100.08 ± 1.29
PAR 105.33 ± 0.84 100.05 ± 1.353
Markadel tablets. B.N.90204
claimed to contain: 250 mg ASP,
65 mg CAF, 250 mg PAR/tablet
ASP 95.2 ± 1.75 100.22 ± 1.639
CAF 93.76 ± 2.127 100.06 ± 1.538
PAR 94.09 ± 1.51 100.045 ± 1.641
Validated spectrophotometric and spectrodensitometric methods 107relationship and good obedience to Beer’s law. Other regres-
sion equation parameters in Table 1 show good linear relation-
ship with obeying Beer’s law for the proposed methods as
revealed by the correlation coefﬁcients. System suitability
parameters had been studied as well, and satisfactory resultshad been obtained as shown in Table 2. For TlC-Densitomet-
ric method, studies concerning robustness, had been investi-
gated and showed that, the small change in the scanning
wavelength, by ±1 nm, and the composition of the mobile
phase, by 1%, had no effect on the results.
Table 6 Statistical comparison of the results obtained by applying the proposed successive ﬁrst derivative method and the reported one for determination of aspirine (ASP), caffeine
(CAF), and paracetamol (PAR) in Aspicure-combi (A), Excedrine (E), and Markadel (M) dosage forms.
Items Successive ﬁrst derivative method Reported methodb,2
ASP CAF PAR ASP CAF PAR
Dosage form A E M A E M A E M A E M A E M A E M
Mean 93.99 105.32 94.44 95.03 103.95 93.76 103.49 104.17 95.20 94.12 105.25 94.28 94.195 104.125 95.25 103.045 104.39 95.06
SD 0.18 1.37 1.27 0.53 1.26 1.99 0.66 0.85 1.30 0.13 1.262 1.111 0.694 1.433 1.522 0.657 0.713 1.352
RSD% 0.19 1.30 1.34 0.56 1.21 2.13 0.64 0.82 1.37 0.138 1.199 1.178 0.737 1.376 1.598 0.635 0.683 1.422
n 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
Student’s
t-test (2.144)a
0.729 1.183 0.503 1.957 0.245 0.168 0.068 0.121 0.155
F-Value (3.787)a 1.952 0.207 1.306 1.687 1.303 1.716 1.005 1.436 1.081
a Figures between parenthesis represent the corresponding tabulated values of t and F at P= 0.05.
b HPLC method: C18, 5 lm, 250 · 4.6 mm column, 2.00 mL min1 ﬂow rate, acetonitrile:water (25:75, v/v) system, pH= 2 adjusted with phosphoric acid.
Table 7 Statistical comparison of the results obtained by applying the proposed TLC-Densitometric method and the reported one for determination of aspirin (ASP), caffeine (CAF),
and paracetamol (PAR) in Aspicure-combi (A), Excedrine (E), and Markadel (M) dosage forms.
Items TLC-Densitometric method Reported methodb,2
ASP CAF PAR ASP CAF PAR
Dosage
form
A E M A E M A E M A E M A E M A E M
Mean 93.94 104.75 95.20 94.87 103.78 93.76 104.13 105.33 94.09 94.12 105.25 94.28 94.195 104.125 95.25 103.46 104.39 95.06
SD 0.45 1.15 1.67 0.57 1.51 1.99 0.41 0.89 1.42 0.13 1.262 1.111 0.694 1.433 1.522 0.657 0.713 1.352
RSD% 0.48 1.10 1.75 0.60 1.45 2.13 0.43 0.84 1.51 0.138 1.199 1.178 0.737 1.376 1.598 0.635 0.683 1.422
n 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
Student’s
t-test (2.144)a
0.558 0.828 1.792 1.575 0.170 0.168 1.374 1.544 1.263
F-Value
(3.787)a
2.805 1.200 2.247 1.490 1.105 1.716 2.629 1.555 1.102
a Figures between parenthesis represent the corresponding tabulated values of t and F at P= 0.05.
b HPLC method: C18, 5 lm, 250 · 4.6 mm column, 2.00 mL min1 ﬂow rate, acetonitrile:water (25:75, v/v) system, pH= 2 adjusted with phosphoric acid.
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Validated spectrophotometric and spectrodensitometric methods 109The proposed spectrophotometric methods have been
applied on lab prepared mixtures with dosage forms ratio for
determination of ASP, CAF, and PAR and good results were
obtained Table 3
Results given in Tables 4 and 5 show that; the suggested
methods are valid and applicable for the analysis of ASP,
CAF, and PAR in their pharmaceutical formulations; (Aspi-
cure-combi, Excedrin, and Markadel) with an acceptable
percentage recovery. Furthermore, the validity of the proposed
methods was assessed by applying the standard addition tech-
nique, which showed that there was no interference from excip-
ients as shown in Tables 4 and 5.
Tables 6 and 7 show statistical comparison of the results
obtained by the proposed methods and the established HPLC
method2 for the determination of ASP, CAF, and PAR. The
calculated t- and F-values are less than the theoretical ones
including that there is no signiﬁcant difference between the
proposed methods and the reported method with respect to
accuracy and precision.6. Conclusion
The present work provides new, different, cost-effective, and
selective analytical techniques for the determination of ASP,
CAF, and PAR in their ternary mixture either in bulk powder
or in pharmaceutical formulations with high sensitivity and
reproducibility allowing the two methods to be used for qual-
ity control of such pharmaceutical formulations.
The spectrophotometric methods can be regarded as a use-
ful alternative to chromatographic techniques in the routine
quality control analysis of pharmaceutical formulations,
allowing qualitative and quantitative measurements to be
simultaneous and rapid at relatively low cost. The disadvan-
tage of spectrophotometric methods is its low sensitivity com-
pared to chromatographic methods.
The advantage of TLC-Densitometric method is that sev-
eral samples can be run simultaneously using a small quantity
of mobile phase unlike HPLC, thus lowering analysis time and
cost per analysis and providing high sensitivity and selectivity.References
1. Martindale. The complete drug reference. 31st ed. The extra
pharmacopoeia. London: Pharmaceutical Press; 2007.
2. Franeta JT, Agbaba D, Eric S, Pavkov S, Aleksic M, Vladimirov
S. HPLC assay of acetylsalicylic acid, paracetamol, caffeine and
phenobarbital in tablets. Farmaco 2002;707:57.
3. Golubitskii GB, Budko EV, Basova EM, Ivanov VM, Kostarnoi
AV. Chromatodraphic separation of paracetamol, caffeine and
aspirin on an adsorbent with immobilized nitrile groups and the
analysis of askofen P tablets. J Anal Chem 2007;2:571–4.
4. Dunkerley S, Adams MJ. The simultaneous determination of
caffeine, aspirin and paracetamol by principal components
regression using automatic dilution and calibration, laboratory
automation and information management. Talanta
1997;33:107–17.
5. Augustin MC, Florin S, Andrei M, Costel S. Simultaneous
spectrophotometric determination of aspirin, paracetamol,
caffeine, and chlorphenamine from pharmaceutical formulations
using multivariate regression methods. Anal Lett 2010;43:804–13.6. Abbas A, Morteza B. Successive ratio-derivative spectra as a new
spectrophotometric method for the analysis of ternary mixtures.
Spectrochim Acta 2005;61:869–77.
7. DincE,OnurF.Applicationof a new spectrophotometricmethod for
the analysis of a ternary mixture containing metamizol, paracetamol
and caffeine in tablets. Anal Chim Acta 1998;356:93–106.
8. Wold S, Sjostrom M, Eriksson L. PLS-regression: a basic tool of
chemometrics Chemom. Intel Lab Syst 2001;58:109–30.
9. Dinc E, Yucesory C, Onur F. Simultaneous spectrophotometric
determination of mefenamic acid and paracetamol in a pharma-
ceutical preparation using ratio spectra derivative spectrophotom-
etry and chemometricmethods. JPharmBiomedAnal 2002;58:1091.
10. Blanco M, Gene J, Iturriaga H, Maspoch S, Riba J. Diode-array
detectors in ﬂow-injection analysis mixture resolution by multi-
wavelength analysis. Talanta 1987;34:987.
11. Bosch-Reig F, Campins-Falco P. H-point standard-additions
method. Fundamentals and application to analytical spectroscopy.
Analyst 1988;113:1011.
12. Verdu-Andres J, Bosch-Reig F, Compins-Flaco P. Development
of the H-point standard addition method for the use of spectro-
ﬂuorimetry and synchronous spectroﬂuorimetry. Analyst
1995;120:299.
13. Salins F, Nevado JJB, Maspoch S, Riba J. A new spectrophoto-
metric method for quantitative multicomponent analysis resolu-
tion of mixtures of salicylic and salicyluric acids. Talanta
1990;37:347.
14. Nevado JJB, Guiberteau CC, Salinas F. Spectrophotometric
resolution of ternary mixtures of salicylaldehyde, 3-hydroxybenz-
aldehyde and 4-hydroxybenzaldehyde by the derivative ratio
spectrum-zero crossing method. Talanta 1992;39:547.
15. Nevado JJB, Cabanillas CG, Sacedo AMC. Simultaneous spec-
trophotometric determination of three food dyes by using the ﬁrst
derivative of ratio spectra. Talanta 1995;42:2043.
16. Onur F, Yucesoy C, Demis S, Katral M, Kukdil G. Simultaneous
determination of pseudoephedrine sulfate, dexbrompheniramine
maleate and loratadine in pharmaceutical preparations using
derivative spectrophotometry and ratio spectra derivative spec-
trophotometry. Talanta 2000;51:269.
17. El-Gindy A, El-Zeany B, Awad T, Shaban MM. Spectrophoto-
metric determination of triﬂuoperazine HCl and isopropamide
iodide in binary mixture using second derivative and second
derivative of the ratio spectra methods. J Pharm Biomed Anal
2001;26:203.
18. Dinc E, Palabyik IM, Ustundag O, Yustever F, Onur F.
Simultaneous spectrophotometric determination of chlorphenox-
amine hydrochloride and caffeine in a pharmaceutical preparation
using ﬁrst derivative of the ratio spectra and chemometric
methods. J Pharm Biomed Anal 2002;28:591.
19. Erk E, Ozakan Y, Bannoglu E, Ozkan SA, Senturk Z. J Pharm
Biomed Anal 2001;24:469.
20. Dinc E. The spectrophotometric multicomponent analysis of a
ternary mixture of ascorbic acid, acetylsalicylic acid and paracet-
amol by the double divisor-ratio spectra derivative and ratio
spectra-zero crossing methods. Talanta 1999;48:1145.
21. Dinc E, Baydan E, Kanbur M, Onur F. Spectrophotometric
multicomponent determination of sunset yellow, tartrazine and
allura red in soft drink powder by double divisor-ratio spectra
derivative, inverse least-squares and principal component regres-
sion methods. Talanta 2002;58:579.
22. Renger B. Proceeding of the sixth international symposium on
instrumental planar chromatography, Institute for Chromatogra-
phy, Bad Duerkheim; 1991. p. 291.
23. The United States Pharmacopeia and National Formulary. The
ofﬁcial compendia of standards, Asian ed., USP 30-NF 25. The
United States Pharmacopeial Convention Inc: Rockvulle,MD; 2007.
